A wage curve is a decreasing function of wages on the regional unemployment rate. Most empirical studies on the wage curve ignore possible spatial interaction effects between the regions which are the primary units of research. This paper reconsiders the western German wage curve with a special focus on the geography of labour markets. Spillovers between regions are taken into account. The paper tests whether the unemployment rate in the larger surrounding region also affects wages. In addition, agglomeration effects and effects of local monopsony are assessed.
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Introduction
A wage curve is a decreasing function of wages on the regional unemployment rate. Starting with the seminal contributions of Oswald (1994, see also 2005) many researchers have been able to find this relationship using data from over 40 countries including western economies as well as a number of developing and transitional economies. One of the limitations in this extensive research on the wage curve concerns the treatment of regions as independent units. Empirical regions of one nation, however, are connected not only by trade flows but also by labour mobility and by commuting relationships. In the standard approach on the wage curve either individual or regional panel data are used. To control for unobserved heterogeneity, regional fixed effects are usually included. However, this does not account for the spatial correlation which is introduced by the close relationship between the regions. This paper tackles this problem by using a spatial approach to the wage curve. Spillovers between regions are taken into account. The paper tests whether only the unemployment rate of a small area is relevant or whether the unemployment rate in the larger surrounding region also affects wages. In addition, the paper investigates whether agglomeration effects and influences of regional monopsony are relevant for the wage curve mechanism.
For the purpose of this study it is important to use a comprehensive data base. Previous research has shown that the wage curve at least in Germany is a rather "shy guy", which can only be properly studied when detailed data for a long time period is available.
Previous studies
Previous studies which used a spatial approach to German data include Buettner (1999) , Pannenberg and Schwarze (2000) and Longhi, Nijkamp and Poot (2006) . Buettner (1999) seems to have been the first to estimate a spatial panel model for Germany using maximum likelihood methods. However, he did not include the log of the regional unemployment rate as is usual in the wage curve approach. Instead he used the inverse of the regional unemployment rate and had to evaluate the wage elasticities at various levels of unemployment.
Using data on manufacturing wages, Buettner found a small elasticity varying between -0.04 at an unemployment rate of 2.5% to -0.005 at an unemployment rate of 18%. Pannenberg, and Schwarze (2000) considered a regional panel for 74 regions of West Germany observed over the period 1985-1994. They estimated a dynamic wage curve and checked its robustness with respect to spatial correlation in regional unemployment. They found it impossible to accurately identify the effects of spatial unemployment rates due to its multicollinearity with the local unemployment rate.
More recently, Longhi, Nijkamp and Poot (2006) estimated a wage curve with spatially weighted unemployment rates included as an extra regressor. They estimated separate models for regions with different degrees of agglomeration. They found that the wage curve is more pronounced in rural areas than in core cities. This is explained by the fact that labour demand in these rural areas may be characterised by higher degrees of monopsony (see Manning 2003 Manning & 2004 . Our paper differs from those of Buettner (1999) , Longhi et al. (2006) and others (like Pannenberg, Schwarze 2000) in two important respects. We use individual data based on a random sample of 974,179 employees observed over the period 1980-2004 and covering 326 NUTS3 units, whereas these papers used average wage data across German regions. Our richer data set allows us to estimate a dynamic wage curve using the two-step approach of Bell et al. (2002) . In the first step we control for individual heterogeneity and in the second step we allow for spatial effects of unemployment across regions on wages. Baltagi et al. (2009) used this data set to estimate a dynamic wage curve but did not account for any spatial effects. The latter is the focus of this paper.
We check the sensitivity of this wage elasticity to various spatial weight matrices as well as allowing for endogeneity of unemployment. Buettner (1999) and Longhi et al. (2006) included square terms of unemployment and the latter study even included an interaction term of spatial weighted unemployment with local unemployment. Their spatial weight matrix is based upon the Euclidean distance between regions.
The Longhi et al. (2006) paper is the closest to our work but it is based on average wage data. Their control variables include the share of women in employment; the share of workers employed in firms with less than 20 employees; the share of less educated workers; and the share of workers employed in agriculture in region j at time t. Without spatial weighted unemployment, they find a wage elasticity of -0.02 at an average unemployment rate of 7.6%, and -0.04 at a maximum rate of unemployment of 20.6%. Instrumenting for endogeneity of unemployment by its lagged value, they get a lower wage elasticity of -0.01 at an average unemployment rate of 7.6%, and this becomes positive at higher unemployment rates.
The inclusion of spatial weighted unemployment is an important device to test the effects of a hierarchy of regions. Based on efficiency wage models as well as wage negotiation approaches, the theory of the wage curve gives no hints for the proper delineation of regional labour markets. In our case the regional units we observe are sufficiently small to allow us to test for the effects of the unemployment rate of neighbouring regions. Local firms may be restricted in their wage setting behavior if large labor markets are close by. Whether these neighboring labor markets influence the behavior of the local firm is the subject of our empirical study. In contrast to previous empirical studies, we are able to estimate this wage elasticity for various population groups (including young versus old, men versus women, less educated versus highly educated, German natives versus foreigners). These groups have different competitive positions in the labour market, and they may be affected differently by local monopsonies.
Empirical model
Following Bell et al. (2002) and Baltagi et al. (2009) , we analyse the wage curve in two steps. In the first step a model is estimated for each region separately to adjust wages for individual composition effects. In the second step these adjusted wages are used to estimate the wage curve. To control for individual heterogeneity a `first stage panel´ wage equation is estimated for each region j as follows: ...,N j = 1,...,J and t = 1,...,T. where W ijt is the log wage rate of individual i observed in region j in period t. X ijtk is a set of k = 1,…, K measured characteristics of individual i (such as age, age 2 , gender, education, occupation etc.), i α is the i-th individual effect, jt α is the time effect for region j, and ijt ε is the remainder error term. The estimate of jt α , obtained by running a panel regression with fixed effects for each region j, is denoted by the `composition corrected wage´ in the regional panel model. We skip the alternative approach that Bell et al. (2002) 
where u jt is the log of the regional unemployment rate in region j in period t. D j is a region dummy. The number of observations for this regression is JT. We include specific time trends to capture systematic trends in regionspecific wage pressure. Baltagi et al. (2009) estimated this model using fixed effects allowing unemployment to be endogenous and instrumenting it by its lagged values. Of course, fixed effects in a dynamic panel model is subject to a finite sample bias of order (1/T) which is 25 in this case. Baltagi et al. (2009) found that the lagged wage coefficient estimate is significant, i.e. 1 β is significantly different from zero, rejecting the static wage equation in favour of a dynamic specification. This estimate of 1 β was far from unity (a maximum of 0.6 with a very small standard error of 0.01). Therefore the unit root hypothesis implied by the pure Phillips curve can be rejected. The shortrun and long-run elasticities of wages with respect to unemployment were relatively small but significant. For all workers, they estimated the effect of regional unemployment on wages to be -0.016 in the short run and -0.037 in the long run. These elasticities were slightly smaller when they did not instrument for unemployment. It is interesting to note that Bell et al. (2002) obtain a coefficient that is about three times larger for the UK than the one Baltagi et al. (2009) found for Germany.
One point of departure of this paper from the approach chosen by Bell et al. (2002) and Baltagi et al. (2009) is the inclusion of a spatially extended version of the unemployment rate. Our regional units are quite small; we have 326 representing western Germany in total. Wages could therefore be expected to depend not only on supply and demand in a worker's home region but also on the labour market situation of neighbouring regions.
The matrix G is a spatial weight matrix which symbolizes the connections between regions. It can be constructed in various ways which are discussed later. G is of dimension J×J and collects the regional weights g kj . Its main diagonal elements are zero and it is row-normalised. This means that each row sums to one. u t is a vector collecting all the regional unemployment rates u jt . A spatially weighted unemployment regressor (Gu t ) is therefore included to show how the labour market conditions of the neighbouring regions influence local wages.
Data
In this section we briefly give an overview on our data base. Further details are given in the Appendix of Baltagi, et al. (2009) . The IAB Employment Sample is a random sample which is not our exclusive property but may be used by other researchers as well, since it is a scientific use file. It consists of 974,179 individuals drawn from the population of employees who are covered by social insurance and observed over the period 1980-2004. This group comprises over 80% of all employment in Germany, since it does not include civil servants and workers with very low incomes. The total number of observations in our sample is 9,188,532 covering all 326 districts of western Germany. These districts are the administrative units and are the smallest regions for which unemployment rates are available.
However, the data suffers from two limitations. The first limitation is that wages are censored for groups with high incomes. For example, in 1989, this threshold was a monthly income of 3,119 Euros. Multiple imputation methods (Rubin 1987 (Rubin & 1996 using panel data on a shorter time period showed only very small changes in the wage curve results. The second limitation is that no exact working hours are reported in the data. Hence, only people working full-time were included in our data base. In spite of these limitations, the data represents a rich source of information, with many variables like age, gender, occupation, industry and qualification. In exploiting this data base, regional heterogeneity can be controlled for, and the wage information is reliable, since this data is used as the basis for pensions paid. No problem of recall or reporting is encountered as is the case in population surveys. Table 1 shows the results for the dynamic German wage curve with spatial effects on unemployment. We use a contiguity matrix for G, i.e., the nonzero elements of G represent regions that have a common border. The upper half of the table gives the results of the standard fixed effects estimator which is instrumented in the lower half by lagged values of the unemployment rate, see Bell et al. (2002) and Baltagi et al. (2009) . Only the lagged wage coefficient, the short-run, the long-run and the spatial lag effects of unemployment are reported. 1 1 The results on the control variables are available upon request from the authors.
Main results on the dynamic wage curve with spatial effects
In the first step regressions given by (1), we include age, age 2 , gender, four worker qualification categories, six employment status categories, fourteen occupational categories, thirty-one industry categories and nine establishment size categories. The results on spatial unemployment for all employed workers given in column 1
of Table 1 are not significant at the 5%-level. Local unemployment, i.e. unemployment in one's own region is the only important labour market indicator. This holds true for different population groups, including males and females; younger and older workers; German and foreign workers; low and highly qualified workers shown in the remaining columns of Table 1 . To save space, we focus on the fixed IV results in the remainder of the discussion. In all cases, the lagged wage coefficient estimates are significant, ranging between (0.443 and 0.596). This rejects the static wage equation in favour of a dynamic specification. Blanchflower and Oswald (1994) and Card (1995) find that for the U.S., men's wages are more sensitive to the unemployment rate than women's wages. This is also true for western Germany. The short run elasticity is -0.020 for males (column 2), as compared to -0.012 for females (column 3). It is -0.043 and -0.025 respectively in the long run. In western Germany, we find that younger workers (below the age of 30) have a significantly higher wage elasticity than older workers (above the age of 45) -0.020 as compared to -0.013 in the short run, and -0.048 and -0.027 respectively in the long run (see columns 4 and 5 of Table 1 ). Foreigners have lower bargaining power due to their migration background than Germans, see (Ottaviano, Peri 2006 , Bruecker, Jahn 2010 . This is confirmed by our results. The short-run effect is -0.016 in the case of Germans (column 6) and -0.036 in the case of foreigners (column 7). This corresponds to long-run effects of -0.037 and -0.070 respectively. For less qualified workers, the short-run elasticity is -0.007 (column 8) as compared to -0.020 for highly qualified workers (column 9). The long run estimates are -0.013 and -0.039, respectively. However, these estimates are not statistically significant. a The IV models instrument unemployment and spatial unemployment by its lags, see Bell et al. (2002) . a This instruments for unemployment and spatial unemployment by its lags, see Bell et al. (2002) .
The finding that spatial unemployment is insignificant in the dynamic wage curve for western Germany is an interesting result, because it may indicate that the relevant actors in the labour market are myopic. They do not care about labour market conditions only some kilometres away. Another explanation for the lack of influence of the surrounding areas in the labour market situation is the existence of commuting and migration cost.
Workers do not respond to spatial differences in the unemployment rate, because there is a cost in doing this.
Firms know this and do not take the unemployment rate of a larger area into account in their wage setting behaviour. Longhi et al. (2006, page 708 ) discuss whether the spatial effect of unemployment depend upon the business cycle. They expect that in phases of high unemployment, firms will pay the wage negotiated at the level of sectors (as it is done normally in Germany -see Buettner 1999 ). However, if unemployment is low, firms would be forced to pay a wage premium to motivate and hire workers. A wage gap between negotiated and effectively paid wages will develop, which should also be influenced by local labour market conditions. Therefore, the wage curve should be more pronounced in favourable times. Applying the same argument to the effect of spatial unemployment, it can be concluded that this effect should also depend on the business cycle. To test this hypothesis an interaction term is included in the regressions on the wage curve. It is generated by interacting the growth rate of the economy with either local or spatial unemployment. Our results show that this interaction effect is small and insignificant. This is not reported here to save space but it is available upon request from the authors.
Important spatial aspects of the wage curve
Following Longhi et al. (2006) , Tables 2-4 give results for different types of regions. The idea here is that in regions with large agglomerations workers have a choice of firms, whereas in the rural areas they may depend on one employer. In the rural area case, the wage curve can be expected to be more pronounced than in regions with core cities. The background for this research is that the extent of monopsony (see Manning 2003 Manning & 2004 in the labour market depends on the nature of the respective region. Whereas outright monopsony is rare in a modern economy, different degrees of monopsonistic competition can be expected from different types of regions. The crucial interacting variables concern the very number of firms located in an area and the accessibility of the area. Both variables are correlated with the existence of agglomerations and their size.
To classify regions we use a typology which is widely applied in empirical research and was originally created by a German research institute, the Federal Office for Building and Regional Planning (BBR). There, regions are classified into 9 different types. Like Longhi et al. (2006) , we use a coarser classification based on three classes: regions with large core cities (Table 2) , regions with conurbational features (Table 3) and regions belonging to the rural country (Table 4) . Unlike Longhi et al. (2006) , we do find a wage curve for all types of regions. In their case, the wage curve was not significant in agglomerations. In our case, the wage elasticity is always negative and significant. It is slightly higher in absolute value for rural areas, see Table 4 . This is -0.023 in the short run and -0.047 in the long run (for all employees and without spatial weighted unemployment). Therefore, the findings correspond to the hypothesis about local monopsony. Whereas in agglomerations workers have a choice between different firms, they depend to a relatively high degree on a single firm in rural areas. Under these conditions firms are more likely to enforce their claims than under the pressure of competing firms. Spatial weighted unemployment is not significant for all employees and for most subgroups. One main exception is the labour market of males in the rural country (Table 4 , Model 4). In this case, the wage elasticity due to the short run local unemployment rate increases from -0.024 to -0.035 and the wage elasticity due to the long run local unemployment elasticity from -0.048 to -0.071. However, the spatial weighted unemployment elasticity is positive and significant (0.020). The same phenomenon of positive spatial weighted unemployment elasticity was also reported by Longhi et al. (2006) .
One explanation of this result is that the unemployment rates of neighbouring regions are highly correlated.
Between variables in levels, the correlation is 0.85, between variables after carrying out the withintransformation, it is 0.95. This might prevent a complete separation of the influences of local and spatial unemployment, in spite of the long panel we use.
Focusing on German versus Foreign, we notice a drastic increase in the wage elasticity when we introduce spatial weighted unemployment effects for foreign workers in regions with core cities. This elasticity in Table 2 for core cities goes up from -0.018 to -0.051 in the short run, and -0.030 to -0.082 in the long run. However, the spatial weighted unemployment elasticity is positive and significant (0.054). Table 5 gives a robustness check with respect to four alternative choices of the weight matrix. The effect of spatial unemployment might depend on the special version of the spatial weight matrix used. Therefore, the matrix G is varied in these checks: G1 is the contiguity weight matrix used in Tables 1-4 . G2 is based on commuting flows between regions, which is measured in relation to all employment in the respective target region. 2 Table 5 shows the empirical results are robust to the five weight matrices applied. The dynamic effect is positive and significant ranging between 0.51 to 0.58 depending on the spatial weight matrix used. Only slight differences in the estimates of the short-run unemployment effects are observed. These varied between (-0.01 and -0.03) depending on the spatial weight matrix used. Similarly, there were only slight differences in the estimates of the long-run unemployment effects. These varied between (-0.03 and -0.07) depending on the spatial weight matrix used. Spatial unemployment effects are mostly not significant no matter what spatial weight matrix is used. The only exception concerns regions from the rural country (type 3). Here, some of the spatial effects obtained with different weight matrices are in fact positive and significant. Since the corresponding local unemployment rate has a relatively larger negative and significant effect, a wage curve is still in existence.
The proportion of commuters from one region to another is again row-normalised. This matrix gives linkages between regions which are farther apart, whereas G1 describes only adjacent neighbours. The matrix G3 is calculated by using the inverse of geographical distance between regions. This measure is calculated for the adjacent neighbours and is set to zero for all regions which have no common border. In G4, regions that could be reached within an hour have a weight of 1 and all others a weight of 0. With G3 and G4 the regions are represented by their political centres which are mostly identical with the largest cities or towns of these regions.
Finally, a matrix G5 based on contiguity is used again, but now the individual matrix elements are weighted according to employment in the respective region. This is done to give densely populated regions with agglomerated economies an adequate weight in the regressions. Table 6 re-estimates our model using a shortened time period 1989-2004. We use the year of German unification as the new starting point, since it is interesting to see whether this event had any visible effects on the relationship between regional unemployment and wages. 3
The results of Table 6 for the shorter time span are similar in spirit to the results using the full sample, although the estimates and their standard errors are different. For dynamic panels with fixed effects, shortening the time span may introduce more bias. Comparing with the results in Tables 1-4, we see that dynamics are still significant even for this shorter time period, although with smaller magnitudes (0.36 to 0.50) rather than (0.56 to 0.59) in the earlier Tables. The short-run unemployment effect is -0.014 compared to -0.02 in Table 1 , while the long-run unemployment effects are -0.025 and -0.043, respectively. All of which are significant. The spatial After unification the influence of unions on wage setting decreased. The percentage of union members among West German employees decreased from 28.7 % in 1992 to 21.7 % in 2004 (Schnabel, Wagner 2007 , see also Schnabel, Wagner 2003) . Today, there are many firms not covered by a collective agreement on wages. Since most unions negotiate at the level of sectors not at the level of regions, this could mean that regional influences are more pronounced in later years. Less union coverage should contribute to a greater responsiveness of wages to local labour market conditions. Also, unemployment is expected to be high in regional labour markets with smaller flexibility. unemployment effect is negative and significant (-0.013) for this shorter period when it was positive and insignificant (0.002) for the total sample. This spatial unemployment effect remains negative and significant for regions with large core cities (-0.021) and regions with conurbational features (-0.014) but positive and insignificant for regions belonging to the rural country (0.017). Note, however, that the short-term effect of unemployment becomes insignificant for regions with large core cities and regions with conurbational features.
This could be due to multicollinearity and the shorter period. In sum, Table 6 confirms that our results are sensitive to the period considered. However, the main effects are still in tact. Dynamics and regional unemployment effects are significant, however, they have different magnitudes depending on the period and type of region considered. We carried further sensitivity analysis (not reported here to save space) but covering the early years (from 1980 to 1994) . In the basic wage curve without spatial effects, the unemployment elasticity of wages is -0.0116 in the short-run and -0.0212 in the long run and both are significant. These figures are only slightly smaller than the corresponding ones shown in Table 6 . These results confirm that the wage curve in Germany is a 'shy guy' which is sensitive to the period considered. Table 6 also shows that spatial effects increased after unification except for rural areas. This is of course subject to the caveat that this is fixed effects dynamics panel estimation and is subject to bias for shorter length time period.
Conclusion
Using models with spatial interactions, this study reconsiders the empirical evidence on the western German wage curve. One main focus is the application of dynamic models which are augmented by a spatially weighted unemployment rate. In addition, central aspects concerning agglomeration effects and the differentiation between various subpopulations are considered. Our primary data base is the IAB Employment Sample (IABS) over the period 1980-2004. This micro data set allows us to control for individual unobserved heterogeneity.
We confirm the finding of a dynamic wage curve, i.e. a significant coefficient on lagged wages (about 0.55) that is far from unity. The wage elasticity with respect to unemployment is relatively small but significant (-0.016) in the short run and about double (-0.037) in the long run. We also find that this wage effect of unemployment is more pronounced for groups with weaker bargaining power, i.e. younger versus older workers, men versus women, foreigners versus native Germans. This corresponds closely to theoretical expectations. Important results are obtained for different types of regions. It can be seen that the wage curve in the rural country is more elastic than that in core cities and large agglomerations. This can be attributed to the degree of monopsony in the labour market. In large agglomerations, firms have more competitors, whereas in the rural country the dependency of workers on single firms is more pronounced.
It is remarkable that the spatially weighted unemployment rate is only seldom important for the level of wages.
In most of our results, only local unemployment influences wages. Again the rural country is a counterexample.
While this is our finding for West Germany, spatial unemployment could be significant for other countries where wage negotiations and labour markets are different.
